Pre-natal effects on telomere length are increasingly recognized as a potential contributor to the developmental origin of health and adult diseases. While it is becoming clear that telomere length is strongly influenced by pre-natal conditions, the factors affecting telomere dynamics during embryogenesis remain poorly understood. We manipulated both the pace and stability of prenatal growth using incubation temperature in Japanese quail and investigated the impact on telomere dynamics from embryogenesis to adulthood, along with potential drivers of telomere shortening such as oxidative damage and prenatal glucocorticoid levels. Telomere length was not affected by these manipulations for the first 75% of prenatal development, but was reduced at hatching in response to both experimentally induced fast embryo growth and growth instability. These early-life effects on telomere length persisted until adulthood. The effect of developmental instability on telomere length at hatching was potentially mediated by an increased secretion of glucocorticoid hormones during development. Both the pace and the stability of prenatal growth appear as key factors determining telomere length and dynamics up to adulthood, with fast and unstable embryo growth leading to short telomeres with the potential for adverse associated outcomes in terms of reduced longevity and greater risk of disease.
Introduction
Scientific evidence from both a biomedical (e.g. [1, 2] ) and an ecological perspective (e.g. [3, 4] ) has established that conditions experienced during early life can have profound effects on adult phenotypes and subsequent life histories. For example, accelerated postnatal growth has been shown in a range of species, including humans, to be associated with reduced longevity [5, 6] and increased risks of developing numerous age-related pathologies such as cardiovascular disease and type 2 diabetes later in life [2, 7] . Telomere shortening (an important hallmark of ageing [8] ) has emerged as one of the key candidates linking these early-life conditions to later life adverse effects [9] [10] [11] . Telomeres are protective complexes consisting of repeats of a non-coding DNA sequence, proteins and associated RNAs situated at the end of eukaryotic chromosomes. Telomeres serve to identify the chromosome ends, thereby maintaining genome stability, and to prevent the loss of DNA from the chromosome ends that occurs during cell division penetrating into the coding sequences [12] . The length of telomeres is dynamic and results from a balance between loss and restoration processes. In addition to the the 'end-replication problem', oxidative stress leading to DNA damage increases telomere loss [13] . While telomere restoration/elongation processes also exist, for instance the enzyme telomerase or the Alternative Lengthening Pathway (ALT), in many species their activity in most somatic tissues is reduced in adulthood most probably as a protection against cancer [14] . Telomeres shorten with age in a broad range of organisms [15, 16] , with the more pronounced shortening being observed during growth [17, 18] , presumably because of the intense cellular proliferation and metabolic activity required to sustain growth [11] . Telomere length and/or shortening rate, especially in early life, have been shown to predict subsequent survival/lifespan in a range of species [19] [20] [21] [22] [23] , thereby leading to the idea that telomere length could act as a biomarker of individual 'biological state'.
While the main focus of research on telomeres during early life has so far been the postnatal growth period [11] , changes during the prenatal period are increasingly recognised as potentially even more important [9, [24] [25] [26] [27] [28] , giving rise to the 'fetal programming of telomere biology hypothesis' [10] . While the 'initial' telomere length (i.e. defined by [10] as the telomere length at birth) seems to be of prime importance, the information we have about the prenatal factors determining this 'initial' length remain very limited [10] .
During the postnatal phase, telomere shortening is thought to be accelerated both by fast growth (e.g. [24] ) and/or by growing under harsh environmental conditions (e.g. [29] ), and the same pattern could exist at the prenatal stage. However, most of the experiments to date that have attempted to explore the effect of the pre-natal environment on telomere dynamics have two main limitations. First, measurements of telomere length have either been done at a single time point or using a cross-sectional approach with the first sampling occurring weeks/months after birth (e.g. [24] [25] [26] ), precluding separation of the direct effects during embryogenesis from indirect effects linked to post-natal compensatory responses.
Second, experimental manipulation of the pre-natal environment using mammals requires the manipulation to be applied to the mother (e.g. [24, 26] ), leading to potentially confounding effects or compensatory maternal responses (e.g. preferential allocation of resources to the embryos). A good model system for investigating the direct effects of pre-natal conditions on telomere length and dynamics is an oviparous species, where pre-natal conditions can be manipulated directly without interaction with the mother. Telomere length should also be evaluated at different life stages (i.e. embryo, birth, during growth and at adulthood) to better understand the impact of prenatal conditions on 'initial' telomere length and subsequent telomere shortening rate. In this context, it has been shown that early stage (72hr) embryonic telomere length decreases with ovulation order in captive zebra finches (Taeniopygia guttata) and that this effect appears to be maintained until adulthood [27] .
Additionally, by incubating eggs of wild common terns (Sterna hirundo) at two different temperatures to induce differences in embryo growth rate, Vedder et al. [28] found that slow embryonic growth was associated with slightly longer telomeres at hatching. While the use of stable incubation conditions in that study removed the confounding effect of parental behaviour, constant incubation temperatures are unlikely to be realistic for most egg-laying species [30] . Similarly, variations in the transfer of nutrients, oxygen, hormones from the placenta to the embryos could occur during gestation in mammals and alter embryo development [31] . It is therefore also important to examine the extent to which such unstable developmental conditions could influence embryonic telomere dynamics, and to explore the effects not only on 'initial' telomere length, but also on postnatal telomere dynamics. Additionally, it is important to identify the underlying mechanisms driving telomere shortening in response to prenatal conditions. While oxidative stress is a first obvious candidate [13] , glucocorticoid hormones have been suggested to influence prenatal telomere shortening [25] , in a manner that could be independent of oxidative stress but linked to cellular metabolic reprogramming [32] .
The main aim of this study was to examine the effects of prenatal growth rate and developmental stability on telomere dynamics from embryogenesis to adulthood, and to investigate the potential underlying mechanisms (i.e. oxidative stress, metabolic rate, prenatal glucocorticoid levels). We used the Japanese quail (Coturnix japonica) as a study system for manipulating prenatal growth rate and stability using modulations of incubation temperature, since incubation in this species has been well studied [33] , it has a short generation time and is widely used as a model species in physiological, molecular and behavioural studies [34] .
Material and Methods

Experimental design
All procedures were conducted in accordance with European regulations under the Home Office Project Licence 70/8335 granted to PM and the personal Home Office Licence ICB1D39E7 granted to AS. Japanese quail are precocial birds that can be raised independently from their parents, therefore avoiding any confounding effect linked to parental care. They reach sexual maturity and therefore adulthood very quickly (ca. 50-60 days), and are short-lived (2.5-5 years) especially for an avian species of their body size [34] . Japanese quail eggs were obtained from Moonridge Farm (Devon, UK) and delivered within 48 hours of collection. Identity of the parents was unfortunately unavailable, but since eggs were collected every day and Japanese quail lay a maximum of one egg a day [34] , it is unlikely that several eggs originated from the same female.
Eggs were incubated in 4 artificial incubators (Brinsea Octagon Advance 20 EX) with automatic egg turning and humidity set at 45% until standardised embryonic day 15 (stED15; see below for description of development times). Egg turning was stopped at stED15 and humidity was increased to 65% for hatching purposes. Experimental temperature conditions were chosen, based on the literature [33] and pilot experiments, so as to maximize differences in developmental speed while minimizing the risks of having differences in hatching success between groups (i.e. to avoid the selective disappearance of embryos in some groups). Eggs were incubated at 3 constant temperatures ( Fig 1) : high (H) = 38.4°C, medium (M) = 37.7°C and low (L) = 37.0°C. Additionally a fourth group was incubated under 'unstable' (U) temperature conditions, mimicking the natural incubation pattern, with an incubation temperature of 37.7°C but five incubation recesses of 30min during the day (i.e. mimicking the female leaving the nest to forage; [35] ). Incubation recesses were achieved by using an automatic power switch; temperature within the incubator during the recesses was measured using a digital thermometer, and averaged over the 5 recesses of one day (averaged temperature is presented in Fig 1, minimum temperature during incubation recess was 29.5°C). While the incubation temperature of this unstable group outside the recess periods was similar to the medium temperature group (37.7°C), its mean daily incubation temperature was 37.0°C, so similar to the low temperature group.
Animal husbandry rooms were maintained at 21°C on a 14L:10D cycle throughout the experiment, and hatching was monitored during the 14 hours of light starting from stED15 onwards. If hatching occurred overnight, hatching time was considered to be 06:00 am the next morning. Body mass was recorded on the day of hatching (D0) and chicks were placed for 24h in a larger incubator set at 37°C before being placed into their respective enclosure Grey and white areas represent dark and light periods respectively. The Unstable group was incubated at the same temperature as the Medium group, but experienced 5 incubation recesses of 30min per day so that its average daily temperature was the same as the Low group. at D1 where an additional heat source was provided until day 15 post-hatching (D15) (Brinsea Comfort brooder 40, 42W), as well as ad libitum food (Heygates starter crumbs, 22% protein) and water. We used group-specific enclosures of 4.3m 2 to avoid late-hatching chicks (from L and U groups) being out-competed by older chicks (from H and M groups) since hatching occurred asynchronously between groups (see results for details). Chick food was switched to pellets (Heygates quail and partridge pellets, 16% protein) at D15. Chicks were maintained in mixed-sex groups until D25 when they could be sexed morphologically.
Females were then kept in groups in the enclosures (enclosure size was adjusted to the number of females) and males were placed in pairs in 0.8m 2 cages to avoid female exhaustion due to male harassment and to limit male-male conflicts. Body mass was recorded for each bird at D0, D1, D3, D5, D10, D15, D20, D30, D45 (by which point birds had reached adult body size), D60 (sexual maturity reached by all birds), D90. Most birds were euthanized at D90-120 for other experimental purposes, but 8 birds were kept alive until approximately one year of age (D360) to gather data on long-term telomere dynamics.
Sampling procedures
Differences in embryo developmental rate among treatments were initially assessed by measuring embryo mass (after removing yolk and blotting the embryo on absorbent paper) on day 13 of incubation (ED13; 8 eggs sacrificed per treatment). For assessment of embryo telomere length, it was important to collect samples at a similar developmental stage between experimental groups since telomere length is likely to be affected by the number of cell divisions that have occurred (and hence by developmental stage). Since our pilot experiments revealed a difference of approximately 24h in incubation time to hatching between the H and M group, and another 24h between the M and L/U groups, we chose to euthanize and sample embryos at a standardized developmental stage, being the ED13 of the medium temperature treatment (hereafter referred as stED13). Therefore, we euthanized embryos from the high temperature group at ED12 and embryos from the unstable and low temperature groups at ED14 so that all embryos would be approximately at the same developmental stage at the time of sampling. We confirmed the validity of our approach by comparing the body mass of these embryos at stED13, finding no significant differences between groups (H = 4.24 ± 0.13g, M = 4.26 ± 0.16g, L = 4.15 ± 0.13g, U = 4.41 ± 0.19g; N = 14-16 per group; GLM: F 3,56 = 0.5, p = 0.68).
Given that a longitudinal sampling approach is more powerful at revealing changes in telomere length with age than typical cross-sectional sampling, we used red blood cells to measure repeatedly postnatal telomere lengths of the same individuals [16] . We collected blood in embryos at stED13 from the jugular vein using heparinised capillaries following euthanasia by decapitation. Blood was collected at the postnatal stage by puncturing the wing vein with a 26G needle and using heparinised capillaries. We collected blood at each of D1, D20 and at D60 for a subsample of 61 of the 103 birds that hatched (+ 8 birds at D360), but blood volume was too low to get enough DNA for TRF telomere analysis for 23 of these 61 chicks at D1. Blood was centrifuged 10min at 3000g and 4°C to separate plasma from RBCs, and was subsequently flash-frozen in liquid nitrogen and stored at -80°C until laboratory analysis. Importantly, telomere length has been shown to be correlated between RBCs and other tissues in birds [36] , but a recent study pointed out that it could be life-stage dependent [37] . Therefore, to evaluate the relevance of using RBC telomere length in Japanese quails as a potential indicator of overall telomere length, we compared telomere length in RBCs and in heart samples for a subsample of stED13 embryos (N = 7) and adults (D90; N = 14). Heart samples (10-20mg) were collected from the tip of the heart following euthanasia (cervical dislocation for adults) and dissection on ice, and were quickly flash frozen in liquid nitrogen and stored at -80°C until analysis.
Embryo heart rate measurement
We measured embryo heart rate as an indicator of embryo metabolism, using a noninvasive infrared methodology (Buddy, Vetronics Services, Devon, UK; [38] ) on the 60 eggs being sacrificed at stED13 to control for known effects of developmental stage on embryo heart rate [38] . Heart rate was however measured one day earlier (i.e. stED12) to avoid interference with plasma sampling for corticosterone measurement at stED13 (see below).
Measurements were always conducted within 90s of taking the egg out of the incubator (i.e. to limit cooling down) and never conducted during incubation recess or the following 30min for the Unstable group. 
DNA damage in RBCs
Plasma corticosterone measurement in embryos
Corticosterone (CORT) is the main glucocorticoid hormone in birds. Plasma total CORT levels of embryos at stED13 were determined by immunoassay according to guidelines provided by the manufacturer (DetectX® Corticosterone Enzyme Immunoassay Kit, Arbor Assays, USA). To ensure sampled plasma CORT levels were at baseline levels, the time interval from taking the egg out of the incubator to euthanasia and blood sampling was always kept < 3min (1'40'' ± 21''), and embryos from the Unstable group were not sampled during incubation recess or the following 30min. The intra-individual coefficient of variation based on duplicates was 8.00 ± 2.36% and inter-plate coefficient of variation based on one repeated sample over plates was 10.37%.
Telomere length determination using TRF
Different methods have been used to measure telomere length, the two most common being qPCR and TRF (Terminal Restriction Fragment), the latter being considered as the goldstandard methodology in the field [40] . While trying to validate the qPCR approach for use in Japanese quail by comparing results of qPCR to in-gel and denatured TRF (see [41] for details), we noticed the presence of large amounts of interstitial telomeric sequences (ITS), and a pronounced variability in ITS amount between samples. Thereby, methods that could not distinguish between true telomeres and ITS (i.e. qPCR and denatured TRF) were found to be poorly indicative of true telomere length in this species, and so we opted for using in-gel TRF. We followed a published protocol that has been used successfully in numerous avian species [42] . In brief, DNA was extracted from 5 µL of RBCs using the Gentra Puregene Tissue 
Telomere length does not significantly differ between heart and RBC samples (exact Wilcoxon
test; overall: Z = -1.65, p = 0.10; embryos: Z = -1.69, p = 0.11; adults: Z = -0.63, p = 0.55). Thus telomere length in RBCs can be used as representative of those in other tissues of the quail.
Data analysis
Data were analyzed using SPSS 24 for all statistical tests, except the within-individual repeatability analysis (see above) that was conducted using the RptR package in R 3.4.2 [43] . Differences in average hatching success between groups were analyzed using a GLMM following a binary distribution. Differences in embryo mass at ED13, embryo heart rate at stED12, incubation time to hatching and plasma CORT were analyzed using GLMs with experimental treatment as a fixed factor, and associated post-hoc tests. We used generalized estimating equations (GEEs) following a normal distribution to investigate the effects of Age 
Results
Developmental and postnatal consequences of incubation temperature and stability
Hatching success did not statistically differ between experimental groups (Fig 2A, Wald- conditions hatched later than both high and medium temperatures (all p < 0.001), but were not significantly different in hatching time from low temperature ones (p = 0.92, Fig 2D) . However, despite these prenatal differences in developmental rate, there were no overall effects of incubation conditions on postnatal growth (see Table S2 , Fig S2 for details on weak age*sex*treatment effects).
Effect of prenatal conditions on telomere length and dynamics
The experimental manipulation of prenatal conditions significantly influenced telomere length (GEE: Wald-χ 2 = 8.6, p = 0.034), through an interaction between age and treatment ( Fig 3A, GEE: Wald-χ 2 = 22.0, p = 0.009). Post-hoc tests revealed no significant differences in telomere lengths between groups at the stED13 embryo stage (Fig S3A; all p > 0.45), whereas by day 1 post-hatching both high temperature and unstable chicks exhibited shorter telomeres than did medium and low temperature chicks ( Fig S3B; H-M: p = 0.020, H-L: p = 0.020, H-U: p = 0.24, M-L: p = 0.58, M-U: p = 0.003, L-U: p = 0.002). In the middle of the post-natal growth phase (day 20) chicks from the low temperature group still had significantly longer telomeres than unstable and high temperature groups (Fig S3C; L-U: p = 0.015, L-H: p = 0.050), while medium temperature chicks exhibited an intermediate telomere length (Fig S3C; all p > 0.20). At adulthood (day 60), the pattern remained the same as at day 20, with birds from the low temperature group having significantly longer telomeres than unstable and high temperature groups (Fig S3D; L-U: p = 0.007, L-H: p = 0.022), and medium temperature birds having an intermediate telomere length (Fig S3D; all p > 0.13 ).
The changes in telomere length with age varied significantly between experimental groups ( Fig 3A) . In both the high temperature ( Fig S3E) and unstable ( Fig S3H) groups, telomere length decreased during late embryogenesis (from stED13 to day 1 post-hatching; U: p = 0.001; H: p = 0.020) and from juvenile to adulthood (day 20 to 60 post-hatching; U: p < 0.001; H: p < 0.001), but not significantly so during the early chick stage (between day 1 and 20; U: p = 0.95; H: p = 0.32). In contrast, telomere length did not significantly change in the late embryo stage in the medium ( Fig S3F) and low ( Fig S3G) temperature groups (M: p = 0.48; L: p = 0.55), but subsequently decreased both from day 1 to 20 (M: p = 0.001; L: p = 0.002) and from day 20 to 60 (M: p = 0.003; L: p < 0.001).
Effect of prenatal conditions on DNA damage and embryo corticosterone levels
The experimental manipulation of prenatal conditions significantly influenced DNA damage through an interaction between age and treatment ( Fig 3B, GEE: Wald-χ 2 = 17.7, p = 0.039). Post-hoc tests revealed no significant differences in DNA damage between groups at the stED13 embryo stage (Fig S4A; all p > 0.098), day 1 post-hatching (Fig S4B, all p > 0.055) or day 60 post-hatching (Fig S4D, all p > 0.30) . However, at day 20 post-hatching, DNA
Fig 3: Effects of experimental incubation temperatures on (A) Telomere length and dynamics with age, (B) DNA damage levels and dynamics with age, (C) Plasma corticosterone (CORT) levels in embryos.
stED13 represents a standardized developmental stage between experimental groups as explained in the methods; D1 = day after hatching, D20 = chick and D60 = adult. Data plotted as means ± SE. Details of statistical tests are given in the text, solid lines indicate longitudinal data and dotted lines cross-sectional data, letters indicate significant differences according to post-hoc tests, and numbers in brackets represent sample sizes. damage levels were higher in the high temperature group compared to both low and unstable groups (p < 0.001 and p = 0.002, respectively), while medium temperature chicks exhibited intermediate levels (all p > 0.095, Fig S4C) . Age-related variations in DNA damage also slightly differed between experimental groups (Fig S4E-H) .
Plasma CORT in embryos significantly differed between experimental groups (GLM: F 3,56 = 4.3, p = 0.008), with embryos from the unstable group having higher CORT levels than other groups (Fig 4, U vs. H/M/L: all p < 0.045, differences between H/M/L: all p > 0.96).
Discussion
Our results highlight the importance of both the pace and stability of prenatal growth in determining the 'initial' telomere length (i.e. the length at birth), but also in determining how telomere length changes from late embryogenesis to adulthood. Our experimental treatments altered the pace of development and metabolism in the predicted direction without affecting hatching success or postnatal growth rate. Therefore, any effect we observed on telomere lengths is unlikely to be driven by selective mortality or differences in postnatal size/growth pattern between experimental groups. We found no evidence that the impact of prenatal conditions on telomere length was driven by differences in oxidative stress, but increased prenatal exposure to glucocorticoids could be an important factor mediating the impact of developmental instability on telomere length.
Developmental and postnatal consequences of incubation temperature and stability
The incubation temperature affected the pace of development and metabolism in the expected direction, with higher temperatures increasing embryo metabolic rate (estimated here using heart rate) and growth rate and reducing the time to hatching.
Unstable incubation conditions produced a developmental rate that was relatively similar to that of the low incubation temperature group, suggesting that the average daily temperature is the main driver of developmental speed since the U and L groups shared the same daily average. Embryo heart rate in the unstable group was intermediate between that of the low and medium temperature groups, probably because we conducted our measurements outside incubation recess periods (i.e. at 37.7°C, the same temperature as the medium group). However, the experimental incubation temperature regimes did not affect either the hatching success or size of the hatched chicks, in contrast to a recent study that found a reduced viability and hatching size of Japanese quail eggs incubated at a lower temperature (36.0°C) than our low temperature treatment (37.0°C) [44] .
Prenatal growth rate and stability as determinants of telomere length and dynamics
While neither embryo growth rate nor the stability of incubation conditions influenced telomere length measured in late embryos (at stED13, i.e. 75% of prenatal development), both factors clearly affected perinatal telomere dynamics since embryos growing fast (H group, see [28] for similar results) or under less stable conditions (U group) exhibited shorter telomeres at day 1 post-hatching (ca. 5 days later). The fact that telomerase activity declines toward the end of embryo development [45] could be one reason explaining why the effects of our treatments only became apparent by the time of hatching. One initial hypothesis to explain the perinatal shortening observed in response to fast growth (i.e. high temperature) or developmental instability (i.e. unstable temperature) was that differences in oxidative stress levels might occur between groups, leading to effects on telomere dynamics [13] . Indeed, both high metabolic rate (i.e. here linked to high incubation temperature) and variations in metabolic rate resembling the hibernation-arousal situation (i.e. here experienced by embryos from the unstable group due to repeated shifts from low to high temperature) have been linked to increased oxidative stress levels [46, 47] .
However, our results on oxidative damage to DNA (i.e. no significant differences between groups in DNA damage before day 20 post-hatching) do not support this hypothesis.
Prenatal exposure to glucocorticoids has been shown to accelerate telomere shortening [25] , and therefore variation in prenatal glucocorticoid levels linked to incubation temperature stability could contribute to the observed differences in hatching telomere length, since we found that embryos experiencing unstable incubation conditions had higher plasma glucocorticoid levels and shorter telomeres at hatching. This effect on telomeres could be a consequence of either reduced telomerase activity ( [48] , but see [49] ) or reprogramming of cellular metabolism as recently proposed by the metabolic telomere attrition hypothesis [32] . However, shorter telomeres at hatching in the high temperature group could not be explained by differences in prenatal glucocorticoid exposure, nor by oxidative stress (see above). Instead, they may be related to the increased rate of cellular division likely associated with their fast metabolism and embryonic growth. Since the size at hatching did not differ between groups, it is possible that fast embryonic growth increased the rate of telomere loss per round of cellular division.
The prenatal treatment also affected early postnatal telomere dynamics, with chicks from the high and unstable temperature treatment groups showing no significant shortening from day 1 to day 20 while low and medium temperature ones did. It is possible that compensatory mechanisms (e.g. telomerase activity) were triggered following the initial quick perinatal decline in telomere length observed in these groups, yet without being able to fully compensate for their initially shorter telomeres. Indeed, most of the original differences observed in telomere length at hatching between experimental groups remained relatively unchanged until adulthood, thereby supporting the fetal programming of telomere biology hypothesis [10] and proving experimentally the extreme importance of the prenatal stage in determining telomere length over the life course of individuals [10, 50] .
Conclusion
Since short telomeres have been associated with reduced chances of survival [19, 21] and increased risks of ageing-related diseases [50], our study supports the hypothesis that environmental conditions experienced during embryonic life influence future survival prospects and health state through their effects on 'initial' telomere length and subsequent postnatal shortening. We show that both the pace and stability of embryonic growth can affect telomere length, and that the perinatal period appears to be a critical period determining telomere length and dynamics up to adulthood. While the exact mechanisms behind this perinatal telomere shortening and its long-term effects on lifespan and disease risk remain to be identified, our model offers important opportunities to identify these mechanisms and test potential intervention strategies to prevent perinatal telomere shortening.
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PM and NBM had input on study design and data analysis, and commented on the manuscript. Fig S1: (A) Telomere lengths of Japanese quail red blood cells from embryogenesis to 360 days postnatal. stED13 represents a standardized developmental stage between experimental groups as explained in the main text methods. Data plotted as means ± SE; solid lines linking means indicate longitudinal data and the dotted line cross-sectional data. (B) Intra-individual telomere shortening rate until 360 days postnatal. Data plotted as individual data points, with horizontal lines indicating means ± SE. Cross-sectional average 'shortening rate' between stED13 and D1 is presented for illustration purposes. (C) Intra-individual consistency/repeatability of telomere length. Telomere length at the first sampling occasion (t1) is plotted against telomere length at the second sampling occasion (t2) for each consecutive measurement (i.e. D1 vs. D20, D20 vs. D60 and D60 vs. 360) for each bird. Line of equality is presented as a solid line, while the dotted line represents the relationship in our dataset. (D) Correlation between heart and RBC telomere length in Japanese quail embryos (stED13) and adult individuals. Solid line represents the overall correlation while dotted lines represent stage-specific correlations. Details of statistical tests are given in the main text (method section), letters indicate significant differences according to post-hoc tests, and numbers in brackets represent sample sizes. 
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